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(54) NITRIDE SEMICONDUCTOR ELEMENT 

PRotS^O BE SOLVED: To prevent generation of fine cracks 
«n a device structure to be grown on a GaN substrate .n order to 
Zor^^ot^c such as operation life 
by growing a nitride semiconductor having a thermal expa s^n 
coefficient that is smaller than that of GaN on a GaN substrate and 
f u ftn famine a device structure thereon. 
tSSSfik After a buffer .aver consisting of GaN is grown on a 
subiate 11. a first nitride semiconductor layer 12 cons.st.ng of 
substrate . expansion coefficient smaller than 

Sat o GaN is iown an thereafter a second nitride semiconductor 
t r 3 —g of undoped GaN is grown Thereafter . , ev.ce 
siucture including undoped n-type contact layer ^n^ype contact 
bver 2 crack preventing layer 3. n-type clad layer 4 n-typegu'de 
Se 5 aSive layer 6 of multiple quantum well structure, p^ype 
elecion confining layer 7. p-type guide layer 8 coring of 
undoped GaN. p-type crack layer 9 Jj^° P 

typo electrode 20 via a second protection film 62 .s formed. 




LEGAL STATUS ^ 
[Date of request for examination] 
[Date of sending the examiner's decision of rejection] 
[Kind of final disposal of application other than the 
examiners decision of rejection or appl.cabon converted 
registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] , 
[Date of requesting appeal against examiner s dec.s.on of 
rejection] 



BEST AVAILABLE COPY 



http://www19.ipdl jpo, 



, g ojp/PA1/result/detail/main/ W AAAuVaymVDA412299497P1.... 



04/09/10 



2/2 * 

Searching PAJ Jfc £ 



[Date of extinction of right] 



Copyright (C); 1998.2003 Japan Patent Office 



http://www19.ipdl jpo 



. goj p/PA1A« U »/d««.a/™WwAAAuV Wm VDA412 299 4 9 7P1. 



(SOlnta.' 
HOIL 33/00 
21/20 

HOIS 5/343 
//HOIL 21/205 



fl««tH*»* ftlPFH -30990 




FI 

HO 1L 33/00 
21/20 

HOIS 5/343 
HOIL 21/205 




(54) [56WO**l Sfc****** 

•MM] G a NffU*. G.Ni WWW 
V*fcfc*»* t A 1 a G a 1-aN (0 <a < 

1) ] ***** taj**/* ********* 




2000-299497 (P2000-299497A) 



(2) 



10 



20 



i A1.G.1-N (0<.^)f 4:i ^ 

aio±c««*«*«*** fcfc ****** 

( L E D ) i^W*-* <LD> fc«*HMW>« 

^(InxAlyGa^-yN. 0«. 0^ » + « 
1) 19452W*W : SU *U GaNl 

L312 fc. G«NS«±^ ?,«*m*1*&W 



(!) ~ (8) »«WKJ:9. *»W«>B«>***+* 
jfc * -ft -c ft 5 ttfcflfc*W*#*« 

(2) a5K^««»^^ v%2 ^**^; A 

CD XIJ <2> «*»««******• 



000-299497 (P2000-299497A) 



(3) 



******* **fc*. »fc**«*»«*i*» wrt * 
vmbizttmb+z (5) cie*«>»fc**** 

< 7 ) mo a US**. MS*J:C«l**»* 

fcfctat-ra m x« <2) fce«»«i**»** 
(8) gitesastsi:S^***t*^ft* GaN 

SC#c. g^^fciSftStt^*** 35 *' 0 



[0 0 0 61 GaNgffiJ:9* 

% o o 6 ] *mm\t. iaw)Wi"c*«G a ns » 

«J:CG iM«*S*fc«*M a Nrt«C**Bft^ 

fc x **l*;h,»lW*^*0Mtt'*' t 1< c 2< c 3« 

(b S i CS*LhC****fcG a NCI*, ffirt**lK : 
31 o« 9 SJM*** 9 , r n <fc 5 ft««8-CI*G a N K * 

*«=iaW****»9 , rro«t 5 fcttte-CttG a Nlw 
*9y*#»«febK<<**. GaNlC?l£i- 

*l/C<*. 

1000 7] L*U ±E«)ri:«r»**.-C» G» NS 

j8ftfCV^ftV^»i3*l*^ *Kfc«*G a NStK-hC 
m £ IxfcG a N * 9 y * + 6 

ft 3*6 flWUHt*. G a N <»mm& t IS) 

ro*flC»»ft*? y ^*s*^i-Sro-CliftV^\ "t L 
-CG a NStS±WG a NCfeTfrttEW*** 1 ** 8 * 



[000 81 *--C% J:E«>JD<, Ga 

5 r k fc J: 9 , x^-f *flliSK#*fflft 9 7 -y9 m&t 

[0 0 0 91 GaN»R*9tt 
WMM*©*** 1 **** 1 ' A 1 8 G a j- a N (0<ag 

JHM*C»LT* A 1 a G a h HOWH»«UI. 
< WfcftCT^^WW 5 y* fcKUt 

X '>ft< tt>A 1 nffi* 

?VkJI. InG«N**A/-e46S*». S-^'>ft< 
k fc A 1 pfi> ^ -7 K!fr*ft< i= 

[0 0 101 ifeSfefc**^*"^ GaNStS 
A s aft;****©***** G a NSffiW^/<W 
^«36*:*i* * h-C ft £ S t liR*W>iiK n IIHM 

******* 9 **«i«* 0 - t,c * fl * 
3f.y|Lt:ett«>B«**v5*»KJ:9, WtfWMiJ*» 

5G a N«Sfcl3V^, ^«mt**1-*iBtt* 

[0 0 1 11 4fc*bfc*»l«K*SV^' GaNStS 
iS JMI«*J:C«ft«****** L " c *** ,IJKE 



40 



so 



000-299497 (P2000-299497M 



(4) 



0<a<0. 1***. ^^f^ 
100141 ilEG.NJ^W^*"** 1 *^ 

P«fc**WW* ftt*Al,G.i-«N. 
[00 151 GaNJ^WW*^*^**-' 1 *! 



[0 0 16] JEC. iUWMl**)**^** 1 **** 1 

***** 

<»S1) tK-^tM*«W«*** 
a~6 xio"/c :»»fi^'^ 

■Ctt »*L<lil~l0,.m1?*>*. -»«Ht?fcS 
l0 0 18] HK. BBfc******^ 

mfl) * O.H««kA1.0.1-.H^« 
n * y A 1 a G a hHW«»* 3 " 

lint***** ™ z *^T*iJxS<» 

««M«*» <elogW '^\; 

W 0 2 Sr*T»TCC a N»H*«M**»* 



30 



40 



M 2000-299497 (P2000-299497A) 



(5) 



10 



20 



*ifcto-ei,J:<, wej. J. a. p. we 

««t«iw«o.^ * - * 10 :II 2 t 

,, il0 -2T5S26,mO-U98» ,J 
1 0- 1 3 2 8 3 1, 0H- 3 7 8 2 7, 
7 8 2 6, B1 0- 1 4 6 4 3 1. 01 1-1 6807 
9 n 1 1 - 2 1 8 1 2 2 MflWlHCM*^ 
v4ELOOJ«ft«^«-'***«-*h.! 

aNtt, ELOGrtftflfcWMS*********** 

loo 1°U j«o««>WWWIfc«**i TV J*J 

LO G**KJ:9#6*i5G.Nl4. ^«?°*** 
fcfcS*k49. iMHWftlf*^^*?; 
*L< **B»G.NJ:9W^»®** V *^ 

Miff * U>. IlitlflMff 1 1 -3 7 8 2 7 *Ml* 

act oasi-a- L * iU 

GiH»U«AU6.1^t«*« 
[0 0 2 21 *fc, #WI»^ 

*, b ftSG.N»s»BWfc^^ watt***; 

(ilOO-SOOum-Cfo?., GtNW»M*J» 



*«cB«*ft-cv*6«* s«s«**^* r **** 

5 flitf, *7r^7, ***/v4***lf*~i:* 5 
tt' i00j.m»T. »*U<tt60»maT» *9» 

*l<ttao.m»T-c**. W»THWI«* 

[00241 G.NO«MW»*k«W 
H^k*****^***^ ******* 

**«^***?* 

tSMift* ±«Wloo 

*$w ^»*^< ,lAlGaN *??!*!;i 

KJ :9, G a NS*i:fca*^'^ ******** 

l-c»i ^ft<fct>Alt«rr*n»^ 79,hl » i 
nGaN*^46fittl. RG">4< i *> A I 



30 



60 



[ M 2000-299497 (P2000-299497A) 



(6) 



MOVPE MOCVD 

mt%%m&m . hvpe 

[002 8] 

[0 0 2 91 [**ml WKWliUC* H5K*S 

[00 30] (GaNS«<OKifi*te) 01-04U* 
C«*3SBfcU *J 7?ffitASk-*-S*7 

kTMG <M>>f**9* ^ t*«vv +7T^T 
W lltf0iHJ:)«^7Tl (0*£*i-O> 

ag* i o s oic*-c..t#3**. i o 5 otctofc 

©G a N J: 9 46* i roait«5***® 1 2 * 2 * m<n 

Sit 6 (01) . 
[00321 S1 1 2 ***** * h 

$nfcs i o 2 mm^ R 1 ESSttu il 
s i o z mm$w^mm i * 
*! 1 2 ** i 1 2 jm****^** 

r»i«9«ft«*»#i2«djs*a (02) . 02 

[0033] ftC. R****fc* '^U 1SH0 
5 0-C-C, JMMf*KTMG, 7V*=rtrJH.\ 7/ 
K-7-0G a N <fc 9 46* 2 1 3 *® 

3 2 0i.m«>§Wei«**** (032W04) . 
[0 0 3 4] ^Wftft***** 13 ****' 1:71 

46G.N«S*#6. £©#&ftfcG . N»S*fc* 

r 05»w*$*v6J:5tw, TEw?'^ ******* 
S*6. GaN^46S«»SSffl*»3 0 0 w m-e*> 

to035] (ryK-^S^«H l! * w 

OA UG.,.N) : G.NiSli:. 1 0 5 0^ 
#*KTMA (MJ/W* 5 TMG, T 



70 

fifc££-a:6, 

(nS^** h|2 :**MOAlaGai-,N) K 

1-. nttooc-c, hwh^ktma, tmgri*^ 

H 4 ) frfflW Sit3xl0W/cnSK-^ttAI 

0.05Gao.95Ni^^n^^^ hl2?r3o,n ' 0 
Biff-C)«ftS*6. 
. [0 0 3 61 ::t, iEwSft^fcna^^n 

*rit**6rttf-e*6. »S 3 ^ 

-0 % 0 3 7] ifilytM**) i&**800 
WlLT. «WWf*CTMG. TMI (MM***-' 

sit5Xl0W/cn»3K-^tfcIn 
0.08Ga 0 .!«NJ:<>46>5*>Bit*3*0. 15, 

[0038] (nS^?yK«4).ftC ft**»0S 
0<CKLT, JMWKTMA. TMGWTVtsT 
SrfflV\ TVK-^«)Alo.l4G«0.86NA9ft* A « \ 

30 MAtrJh»,^^t^^ y ^^_V ( 
t8Xl-oW/cm>K-^fc.C«Nf046B«: \ 

• oH,l,H,L ' CA> iSS i i2 

[00 39] (n3W"F!5> ^ ■««>** J 
GaN±946nS^K»«:0. OTS^wW^ 

w [00401 wm«:.tt* l0 J5!; 

/ c m3 H-/ 1 fc I n 0. 01 G » 0. 99N J: 9 4 6 »«■ 
HOO^^-^^^5. 
i V9>^*Jt*. TVK--/»Ino.nG»O.B9 
NJ:946*PStr50^^H«-^«»^* 

(MOW) (OffttS 6 
,0 [004 1] (pS«^HCii*«7) W« 



^^^^ 



000-299497 (P2000-299497A.) 



(7) 



11 



12 



SLX\ fg^^lCTMA, TMGRtfTV* = T*:ffl 
IV 5Fft«j#*tL-CCp 2 Mg (^o^^5?*» 
,w^-y>A) *ffiv\ MifclxloW/cmJH 
-7 Lfc A I o. 40 a o. 6N * 9 P S»*M 

10 0 4 2] <p»#4KJ|8) *K, MfclOSO 
yK-^GaNi!l4ipa^H«8trO. 07 5 

<OMg»tt*fcJ:9. MgiSS* s 5xl0lVcm3i: 

[004 3] (pa^^m ra*«aa 

r^K-^Alo 1 Ga 0 .9NJ:9ft*Al*2 5*V 
^hn-AWiW-Crtft**. W-^ TMASrJt 
*. I- -CCp 2 Mg£ffli<\ Mg£5xi 

0 18/ C m 3 K-^tfcGaNJ:*)^5BlS:2 5*^ 

*jiJe*ilOOH»9afCAli:Bli:*r«lU ft 
if5 000ty^ho-^» (ffl«HHB36) 

[0044] ( P S=^niiO) RCBfflfi 
arc, iwxf^eTMO*VT^*=rMv\ *m 

^kU-CC P2 MgS:fflV\ MgSrlxio20/cm3 
[0 0 4 5] Rfc*m BMPMWfc*^. 7*^ 

7oo t c-cr^-yy^m\ pi 
aiu *±««>p* 3 ^^ 

S i 02*9ftS««**** v '^ R 1 E 

^^H2«)«iB«:«ai***« J5tKH6 (a) 
J;5lc, ft±Jf<Op««»*? HlO«BS4IK. 
PVD»«CJ:9» SimOU tetLXs S i0 2 ) 

8 B m> (f$Unit«t5. fctw, 0 
6 (b) fciS1-J:5K»3««HW6a**lk R I E 

ffl v\ »3W«SlS6 3«r-r^^i:t-C, IHE*1«>{* 
fcC*9» 06 (c) naH-J:5KP« 3:/ *^ h * 1 
[0 0 4 6] $<bt- 06 (d) 



YKtimk. **-/*PVDS»fc*iSU 06 
(e) IC*i-«fc5K, ZrStt (£i:LTZr0 2 ) 

syf-y^J:9Saj$^fcp«^9-yH19<0i: 

-/%*7y»fc**U 06 (f) l^i-<t^tw, JB1 

[0 0 4 7] ftCH6 (g) K»i-*9fc. P«=^ 
9 Y% 1 0 o J:*)* 1 «»SS6 1 #****VC««H t 
f-*<r> v m*y99 H«MKNl/AuJ:9«P 
**2 0 <ftLp«tt2 0ttlOO»»m«>* 

6 2<0±«w*oX««i-S. «2««MIl6 2JMflU 

jjgtliTi/A 1 J:9<£5nSffi2 1 W?t 

[0048] »J:«>J:5fcL-C, nBStpt*"* 

Lfcf£, ***** 

bA-«c«Hu f?w® (i i-o os, 

ft^StCS i 0 2 tT i 0 2 .fc9 

0-5 0 0»mfc1-5^i:* j a*U\ fcfeixfc»'-* 

git£i3^-CLtvME2. 5kA/cm z , 
t 5 V X\ mm 4 0 0 n m^ig^iS* 5 ^ 

[0049] [**«2l SfUHfUfc*^ r*K- 

[0 0 5 0] [«MM3] Wt«HK*^« r>Y- 
1nm*v9 9 HlWS i K-/»nl3^? 
l2»AJtt*Otfct:0. 0 5*^0. 2C«1-«» 

[00 5 1] [gKsfl 4 3 i cs^-c, r y K— 
50 l2<OAlia^<OtfcSr0. 0 6*fe0. 5lc3E21-5te 



I no 2000-299497 (P2000-299497A) 



(8) 



13 



100521 WMs«5] *lMUfc*»vvc. rvK- 

100 5 3] CX*fl6] WMUfc*^. SB2<02 
[0054] 

,u *m\mwt* yv? =■ t **** u 



5. 



[@ll WWO**©*!***"^*** 1 ***"* 

[@3i *«Mw*ttro*iac*iv^»b*ia»k* 

[@5l as I*. **Mro-*«sro»tt-e*>a»k** 
[@6l 0611. 'J h?-f 



1 • • 




2 • • 




3 • ■ 




20 4 • • 


. n S^7 7 Kl 


5 * • 


. nS^ Kl 


6 • ■ 




7 • ■ 




8 • ■ 


. pl^ KJB 


9 • 




1 0 





[01] 



[021 



[03] 




13 




2000-299497 (P2000-299497A) 




be6 t AVAILABLE COPY 



